Blood loss and replacement during surgery is a controversial issue in major orthopaedic surgery such as Total Knee Arthroplasty (TKA). Allogeneic blood transfusion causes legal problems and concerns in terms of transmission of transfusion-related diseases. Therefore, cell saver systems (CSS) were developed to minimize the need for allogeneic blood transfusion. However, contradictory results have arisen from studies examining the use of CSS to reduce the need for allogeneic blood transfusion in primary TKA (1-3). Additionally, transfusion by CSS may also cause coagulation, infection and haemodynamic instability (4). The autologous blood should be used within 6 hours in order to prevent potential contamination and febrile reactions (5-7).
infarction, pulmonary embolism or gastrointestinal bleeding were also excluded.
A Medtronic autologous transfusion set (Minnesota, USA) was used in all cases. The preoperative demographic data of the patients such as age, height (m), weight (kg) and BMI (kg/m 2 ) were recorded. The preoperative mechanical axis of the lower extremity in the anterior-posterior view in the standing position was measured by an orthopaedist who was not a member of the operating team (Table 1) .
Low molecular weight heparin and deep venous thromboprophylaxis with antithromboembolic socks were used in all cases. Haemoglobin levels of 8 and lower were considered an absolute transfusion indication. Transfusion was also conducted in the presence of tachycardia and hypotension. The patients were closely monitored against autotransfusion or allogeneic blood transfusion-related adverse reactions for 7 to 10 days postoperatively.
Hb values on the first, second, third, fifth and seventh days; total blood volume accumulating in the drain; retransfusion level in CSS cases; and the allogeneic blood transfusion volume in each group were calculated and recorded. In the group in which CSS was not used, the amount of blood lost was calculated and recorded by measuring the blood drained from the negative pressure system.
Within the first 5 hours blood that was collected after the operation was given to the CSS group. Drain systems were active for 2-3 days postoperatively in both groups.
The groups were compared in terms of preoperative haemoglobin, amount of blood transfused (and whether allogeneic transfusion was essential), length of hospitalisation and cost.
Surgical technique
Two surgeons from our clinic operated on patients by applying a pneumatic tourniquet via an epidural. The Zimmer® Gender Solutions® Nexgen® High-Flex Knee prosthesis, which cuts the posterior cruciate ligaments, was used in all 76 knees. Surgery was performed using the medial parapatellar approach. All implants were applied with cement and no patellar component was used in any patient. Negative pressure drainage was used while closing the wounds and an elasticated bandage was applied for compression after finishing the tourniquet.
Statistical analysis
Statistical analysis was conducted using SPSS version 12 (SPSS Inc., Chicago, IL, USA). Demographic data were compared using Student's t test for continuous variables or the Chi-square test for categorical variables. ANOVA was used for repeated measurements in order to compare the serial changes between the preoperative and postoperative levels of Hb. The Chi-square test was used to determine the relationship between the use of CSS and allogeneic blood transfusion. Pearson test correlation analysis was used to determine the relationship between re-transfusion and allogeneic blood transfusion and for cost analysis. The effect of demographic variables on the allogeneic blood transfusion was examined using multiple logistic regression analysis, which contained corrected variables, uncorrected variables and inequality rates. Differences were considered significant at p<0.05 in all tests. Table 2 presents the comparison of postoperative data between groups. The two groups showed similarity in terms of the haemoglobin levels, which dropped on the first and seventh day postoperatively. The Hb level was lower than the preoperative level in the first 3 days, and then had a tendency to increase but stayed below the preoperative status. This tendency was similar in the two groups (p=0.216).
RESULTS
The groups also showed similarity in terms of the total blood volume drained. The average total blood loss was 550 The Chi-square test was used to determine the relationship between the use of allogeneic blood transfusion and CSS ( patients (48%) in Group 2 were given an allogeneic blood transfusion (p=0.381). In the group in which CSS was used, there was no correlation between the re-transfusion volume and the need for allogeneic blood transfusion (p=0.116).
Multiple regression analyses were conducted to determine the independent determinants of the use of allogeneic blood transfusion, which were also considered as dependent determinants. Age, BMI, preoperative deformity, Hb, haematocrit and the use of CSS were included as potential independent variables. Single variable logistic regression analysis indicated that BMI, preoperative Hb and preoperative haematocrit variables affected the incidence of allogeneic blood transfusion. These variables were included in the multiple logistic regression analysis and the results indicated that preoperative Hb and BMI variables did not affect the use of allogeneic blood transfusion. While checking other variables, it was shown that one unit increase in BMI reduced the possibility of allogeneic blood transfusion by a factor of 0.95 (p=0.06) and a 1 g/dL increase in preoperative Hb concentration reduced the possibility of allogeneic blood transfusion by a factor of 0.482 (p:0.02). Therefore, high BMI or high preoperative Hb values were found to be related to a reduction in the incidence of allogeneic blood transfusion. In contrast, the use of allogeneic blood transfusion was not affected by age, total blood loss, degree of preoperative malalignment or the use of CSS.
The Pearson test was used to conduct the cost analysis in two different ways: evaluating the relation in re-transfusion and the relation in allogeneic blood transfusion. The average cost was 300 TL in Group 1 and 110 TL in Group 2 These results were assessed as significant in statistical comparison (p=0.01).
Three patients complained of shivering in Group 1 and one patient had vomiting and chest pain following autotransfusion. These side effects declined after the transfusion ended. Before finishing transfusion the volume of transfused blood was recorded as the study value in these cases. Fever and nausea developed in four patients following allogeneic blood transfusion. The transfusion volume in these patients was recorded as the study value before complaints arose.
DISCUSSION
Autologous blood transfusion systems reduce the risk of infection arising after allogeneic blood transfusion but they may also cause coagulation, infection and hemodynamic instability (4) . Although the use of CSS can reduce the need for allogeneic blood transfusion, contradictory results have been reported (4) . In their randomized, controlled study, Kirkos et al. (8) reported that the haemoglobin values of the group given autologous transfusion were higher in the 8 th and 24 th hours and that less allogeneic transfusion was required. In a retrospective study conducted by Moonen et al. (9) it was shown that only 5.1% of the TKA patients needed allogeneic blood transfusion and the authors concluded that autotransfusion plays an important role in arthroplasty. In another prospective randomized clinical study conducted by Moonen et al. (10) , the allogeneic blood transfusion rate in TKA patients who were given autotransfusion was lower when compared to those who were not. This indicates that cell saver systems are an effective and reliable method that reduces the need for allogeneic transfusion in primary TKA. However, other studies have reported contradictory results. Martin and von Strempel (11) found that re-transfusion of the blood collected from wound drains did not reduce the need for homologue blood transfusion. In their study, the allogeneic blood transfusion rate was lower in the group in which CSS was not used when compared to the group in which CSS was used. In another prospective randomized controlled study, the need for allogeneic blood transfusion was similar in patients who used and who did not use CSS (12) . Likewise, in a prospective study by Glynn et al. (13) it was concluded that the postoperative use of CSS did not affect the incidence of allogeneic blood transfusion. Likewise, the allogeneic blood transfusion rates in patients who used and who did not use CSS were similar in this study.
The contradiction between the findings obtained for CSS users can be explained as follows. The preoperative haemoglobin levels differed between studies. The inclusion of patients with high haemoglobin values reduced the need for blood transfusion in the postoperative period. Moonen et al. (9) stated that the lack of relationship between allogeneic blood transfusion and re-transfusion did not originate from the tamponade-creating effect of haematoma that occurs postoperatively. This is probably because haematoma increases the blood volume of CSS drained due to vacuum.
In our study, the preoperative factors that stipulated the need for allogeneic blood transfusion were the Hb and BMI levels. The effect of preoperative Hb on allogeneic blood transfusion has been shown in many studies (4, 14) . In some studies, preoperative Hb was the only factor that predicted the use of allogeneic blood transfusion (14) . Jain and Jain reported that a lower preoperative Hb level is related to an increased need for allogeneic blood transfusion (15) . In a prospective study that audited primary TKA cases, patients with lower preoperative Hb levels required more allogeneic blood transfusion (13) .
On the other hand, opposing results have been reported by other studies. In their prospective empirical study, Strmper et al. (16) stated that there were no differences between the Hb concentrations of patients who did or did not receive allogeneic blood transfusion. On the other hand, in terms of BMI, there was no correlation with blood loss in which allogeneic blood transfusion during TKA was not examined in that study (17) . The use of re-transfused blood has a risk of complications (18) . Handel et al. (19) reported that febrile reaction was seen during autotransfusion in 3 of 81 patients. This was associated with an increased IL-6 level in the blood drained in the early postoperative period. Carless et al. (20) argued that autotransfusion should be applied carefully due to problems such as air emboli, infection, nephrotoxicity, metabolic hyperchloremic acidosis and disseminated intravascular coagulation. In the current study, two CSS patients reported shivering following re-transfusion and this was solved by ending re-transfusion.
The limitations of our study are the small size of our study groups and the implementation of retrospective examination. The average allogeneic blood transfusion rate in our study was 24% in Group 1. This value is high when compared with previously published studies (9, 10) . We associate this with the fact that the average preoperative haemoglobin values were low in our study. The preoperative BMI values of the patients in the study were lower than the BMI values in other studies (4). This may also explain the high transfusion rate in our study. In addition to preoperative haemoglobin, we believe that low BMI may be a determining factor in the need for allogeneic blood transfusion. Our study covers the predetermined involving and non-involving criteria and we also made an effort to rationalize the data collection process.
In terms of cost analysis, the cost effectiveness of CSS was negative in TKA. This was consistent with the literature (21, 22) . However, CSS should always be considered particularly for patients having a low preoperative haemoglobin level and patients who experienced side effects in previous blood transfusions.
In conclusion, in our study we found that the use of CSS did not reduce the need for allogeneic blood transfusion and was more expensive in terms of cost analysis. Therefore, we do not recommend the routine use of autotransfusion systems. The use of CSS did not affect the incidence of allogeneic blood transfusion nor the volume of allogeneic blood transfusion. We found that preoperative Hb and BMI levels influenced the use of allogeneic blood transfusion. Therefore, the use of autotransfusion systems may only be useful in TKA patients with low Hb and BMI levels.
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